Abstract-Design of a simple Co-continuous beam/plate flexure element based on a shear-deformable theory is attempted. Emphasis is placed on development of a low order linear/bilinear element. However, past experience shows that such elements become very "stiff' especially when thickness is reduced (conforming to Kirchhoff mode). This phenomenon is called "locking."
Abstract-Design of a simple Co-continuous beam/plate flexure element based on a shear-deformable theory is attempted. Emphasis is placed on development of a low order linear/bilinear element. However, past experience shows that such elements become very "stiff' especially when thickness is reduced (conforming to Kirchhoff mode). This phenomenon is called "locking."
Attempts have been made in the last several years by a few investigators to overcome this problem.
The locking problem is resolved here through a new approach. The total strain energy is split into bending and shear energies and an antiparameter in the shear energy term is introduced to avoid locking. By numerical experimentation on beam and plate problems it is shown that the present approach gives good results in the thin limit. It is also shown that the additional/spurious zero energy modes do not arise here because reduced/selective integration is avoided. 
NOTATION

INTRODUCTION
The early displacement based finite element formulations for flexure problems relying on the "Kirchhoff hypothesis" (for beams, plates, etc.) were plagued with difficulties because of the requirement of slope continuity between adjacent element, i.e. C' continuity in shape functions. The main assumption in Kirchhoffs hypothesis is that the transverse normals to the reference middle plane remain so during bending, implying transverse shear strain becomes zero. Thus bending rotation becomes a first. derivative of the transverse displacement w and hence requires the transverse displacement field C' continuous. Both compatible and incompatible and complicated higher order C' continuous elements have been derived in the past[l-61.
In recent years Co continuous elements based on shear deformable theories which use independent interpolation of slopes and displacements have been developed. This is mainly due to the ease in the development and the formulation of computer programmes. In the last 10 years or so a number of elements have been developed using a shear deformable theory such as that of Mindlin[7-111.
The recent trend has been towards using linear/ bilinear elements, i.e. 2-noded beam/4-noded plate elements. However, such shear flexible elements using low order (linear/bilinear) interpolation for all components of nodal displacement vector become very stiff especially when the thickness is reduced;
THEORETICAL
FORMULATION
The following presents a brief account of the 2-noded beam element and the 4-noded plate element: (see Fig. 1 i.e. when the system conforms to the Kirchhoff mode. This phenomenon, called "locking," arises from linear/bilinear element discretization. The trouble occurs due to the existence of spurious shear energy which turns out to be of the order (hl r)' of flexural energy, h and r being effective element size and thickness, respectively, and as t + 0, h/t + p. This situation poses an enormous problem in numerical analysis. Thus, the spurious shear energy in the discrete model causes the "shearlocking" phenomenon, which is a numerical problem. Attempts have been made in the last several years by a few investigators to overcome this problem. Remedial measures suggested to date to remove such difficulties are: . This "stabilization" matrix is developed by combining reduced and fully integrated stiffness matrices. Although this method is effective, the efficiency of the original element is lost and the choice of free parameter requires ones judgement.
Here, we introduce an antiparameter a such that 4 = a (dw/dr + 6).
The strain energy expression I/ is written as follows:
For a rectangular beam cross section,
and we set a = p (t/L) intuitively, where p is a free parameter, t is thickness and L is the total beam length. Finally, we get stiffness matrices
Thus a simple, effective and efficient element is yet to be developed which could be free from locking and spurious zero energy modes so that the element could be safely used for wide (L/r) ranges and various boundary conditions.
In this paper a C" continuous linear beamibiolinear plate bending element is developed based on a shear deformable theory. Emphasis is given on resolving the locking problem by trying out a new approach. In this formulation total strain energy is split into bending and shear energies and an antiparameter in the shear energy terms is introduced to avoid locking. By numerical experimentations on beam and plate problems it is shown that the present approach gives good results in the thin limit. Since reduced/selective integration is avoided, spurious zero energy modes do not arise. The pathological problem of the corner suppported plate is solved safely.
is substituted in, say (9), the multiplier to the matrix becomes
By adding the above two matrices, we get, in the usual manner, (12) suggests that a numerical estimate can be obtained. In this paper, an estimate for the parameter p is obtained to ensure lower-bound monotonic convergence to true solution by subjecting this formulation to numerical experimentation. A similar formulation is done for a bilinear plate element. For the sake of brevity the details are presented in the Appendix 1. Tables  1-6 and Figs. l-6. The idea behind the above analyses was to assess a theoretical bound for the parameter "p" in the limit when the number of elements are increased to infinity. However, at the present moment such an analytical estimate appears infeasible. But the nature of the multipliers appearing in eqns (I 1) and Similar experiments were also performed for plate flexure problems such as (1) simply supported square plate under concentrated load at the centre, (2) simply supported square plate under UDL, (3) clamped square plate under concentrated load at the centre, (4) clamped square plate under UDL and (5) comer just supported plate under UDL. Finally the element was checked for spurious zero energy modes by finding out the eigenvalues of the element stiffness matrix (Table 12 ). It is seen that no extra spurious zero energy modes exist for the present element. For each beam/plate problem we can see that (Tables 1-I 1, Figs. 3-13 ) the finite element displacement solution converges monotonically to the correct value for a particular value of parameter p. It is thus proposed that p lies in a certain range, that is, 6-12 for beams and 9-15 for plates, for which the FEM solution gives reasonable answers and thus avoids locking. We are also reasonably correct in proposing that the choice of p is independent of the (L/t) ratio as well as the nature of the boundary conditions and loading conditions. Finally it is also confirmed that the present formulation is free from spurious zero energy modes since reduced/selective integration is avoided. This assertion is proved by our getting an extremely good solution for the comer supported plate, which is otherwise not possible with a reduced/selective integrated element[7, 161. Table I ). Table I Table 21 , 
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(1) Elasticity relations
We define stress vector (17) estimate is provided based on numerical experimentation,
